The global distribution of the reflectivity of the surface of Venus as determined by the Pioneer Venus orbital radar instrument has been analyzed in a geological context and statistically correlated with elevation. In addition, a comparison between the reflectivity and rms slope (roughness) correlations with elevation permits radar-geologic topographic zones to be identified. The radar reflectivity p at normal incidence and at a wavelength of 17 cm (1.76 GHz) is a rfiodel-dependent measure of the bulk dielectric constant • of surfaces dominated by dry rocks and soils and depends on surface material properties such as porosity and conductivity. Only the quasi-specular component of the radar echo was used in determining the reflectivity values analyzed in this study, and for very rough surfaces the absolute magnitude of p may be underestimated by 10-15%. Empirically derived relationships between p, to, and bulk density 7 are used to interpret geologically the p distribution. The global mean p of 0.13 is significantly greater than the average lunar and typical martian values of •0.07, suggesting the absence of a continuous soil mantle on Venus. The p distribution is well described by a two-stage Gaussian distribution with modes at 0.11 and 0.14. The close proximity of these modes suggests that there is no fundamental dichotomy of surfaces on Venus insofar as their p properties, in contrast with roughness. Less than 15% of Venus has p values low enough to indicate a major soft component on the surface. Approximately 27% of the surface is dominated by low-porosity materials such as bedrock, and less than 15% is enriched in high dielectrics. The rest of the surface (43%) is most simply envisioned as partially mantied bedrock, perhaps an extension of the types of terrain viewed by the Venera 10 and 13 landers. The most plausible model for the highest p (and thus highest •,-) materials requires enrichment in Ti and Fe (e.g., minerals such as futile, ilmenite, and magnetite). High-titanium basalts such as those found on the moon would produce the required enrichment, as would pyrites. Since surface geochemical measurements demonstrate that there are basalts in the Venusian plains, a model in which high-titanium basalts are exposed at the highest elevations (Maxwell, Theia, Aria, Ovda) is favored. Possible weathering of ilmenite in such basalts to produce futile could explain the high-•c materials in less elevated regions. When correlated with elevation, p exhibits a complex nonmonotonic trend in which both decreases and increases are observed. A major decrease in p of ---0.02 km -• in the upper plains contrasts with the almost 1 ø rms km-• increase in surface roughness over the same interval and may be an expression of increased soil production, perhaps due to enhanced breakdown of silicates into carbonates in the lower highlands. Alternately, the decrease could be due to increased centimeter scale toughening, perhaps caused by the increase in regional slope in the highlands. A major increase in p (0.05 km-•) in the middle highlands correlates with a rapid rise in rms slope. Unlike rms slope, however, there is no overall correlation of p with either elevation or regional slope, suggesting that it may be a more locally controlled parameter. Hierarchical clustering analysis of the p, roughness, and regional slope properties of Venus demonstrates that distinct subregions are best defined on the basis of topographic zones in which the radar parameters follow well-defined trends. The lowland plains are extremely smooth at scales from centimeters to 100 km. In general, no single radar parameter (e.g., p) serves to subdivide the surface into distinct geologic regions, but taken together, the radar parameters can be statistically correlated to define meaningful radar geologic units. Such units appear to correlate with the kinds of surfaces that can be seen on Venus at kilometer resolution.
The aim of this study is to provide a geologic analysis of the global radar reflectivity data for Venus. We first analyze the statistical and map pattern distribution of p in the context of the porosity structure of the surface. We then correlate p with elevation in order to examine the degree of topographic control on material properties which could depend on PT sensitive chemical weathering phenomena. Comparison of the rms slope 0z and p correlations with elevation demonstrates that there are distinct topographic zones defined on the basis of the p and 0z trends. Finally, we employ hierarchical clustering analysis to the global p, 0z, and 100-km baseline regional slope [Sharpton and Head, 1984 ] data sets in order to define radar property related subregions. The Pioneer Venus (PV) data used in this analysis include data collected and processed as of December 1982 .
DATA DESCRIPTION AND INTERPRETATION
The 17-cm wavelength radar altimeter on board the Pioneer Venus orbiter has been previously described [Masursky et al., 1977; ; Pettenqill et al., 1980a, b-I. On the basis of the absolute time delay, the time dispersion, and the intensity of the radar echo, information about the altimetry and surface properties (p, 0z) can be derived. For small angles 0 of departure from normal incidence to the mean resolved surface, a scattering law devised by Haqfors [1964, 1967, 1970] provides a reasonable approximation to the observed radar echo strength. For the range to which altimeter observations are limited, 0 ø < 0 < 10 ø, the Hagfors law for the quasi-specular component of the total scattering behavior of the surface can be written ao(O) = (or-2p/2){cos4 0 + or-2 sin 2 0} -3/2
(1)
where ao(O) is the dimensionless specific radar cross section (radar cross section divided by surface area), p is the power reflectivity at normal incidence to a smooth surface, and 0z is the rms slope (in radians) of coherently reflecting surface facets with dimensions larger than the observing wavelength (i. 
GEOLOGIC INTERPRETATION
In order to interpret the radar p in terms of the material properties of a surface, several assumptions must be made. We adopt a single-layer model with a magnetic permeability of unity in order that p is a function of the complex dielectric discontinuity at the reflecting interface (typically the uppermost surface) [Pettengill et al., 1982] . It is then possible to express p in terms of the complex dielectric constant e as The bulk dielectric constant • is directly dependent upon the porosity and electrical properties of geologic materials, and indirectly on composition (e.g., Fe and Ti content) and bulk density 7. The dielectric properties of typical terrestrial and lunar rocks, soils, and minerals at radar frequencies (• 10 9 Hz or 3.8-70 cm wavelengths) have been determined [Krotikov, 1962; Krotikov and Troitsky, 1963 
as those to use when interpreting the radar p in terms of density 7. We have chosen to use this combined relationship in favor of either of the two independent models (equations (5) and (8) Figure 5 and the previous discussion of the zone trends, it would appear that the radar p is a very local scale parameter which is not controlled on any regional or global scale by topography or roughness (or regional slope). Because of this observation, it is tempting to speculate that the radar p properties of Venus reflect real differences in the porosity structure (e.g., rock versus soil) and composition of the surface. These differences are partially a function of PT conditions and thus elevation (zone VI) but could also relate to differences in styles of volcanism and surface ages. Without water the degree of chemical fractionation that occurs on Venus when rocks are weathered should be minimal so that the weathering products should reflect the original bulk composition of the parent materials; this is evidently the case from in situ geochemical measurements [Florensky et al., 1978 [Florensky et al., , 1983b . Thus changes in p are probably most strongly affected by the porosity and density of the surface materials, both of which are properties that relate to the age of the surface, the degree of weathering, and the mode of origin (e.g., styles of volcanism, impact cratering, sedimentation). If the highest-elevation features were geologically young volcanic structures or centers, then dense lava flows enriched in iron and titanium could explain the high p values observed near and at their summits. Decreases in p at the summits of some of these features (e.g., Theia, Maxwell) could be the result of caldera structures filled with modified or explosive volcanic materials. Scenarios such as these can be developed to explain the observed radar data, but only highresolution radar images from Arecibo, Veneras 15 and 16, and the Venus Radar Mapper (VRM) can constrain the models sufficiently to make them unambiguous. We will attempt to define radar property related subregions on Venus in a later 7. Reflectivity appears to be a property that is sensitive to the geologic effects of different weathering regimes, styles of volcanism, and surface ages.
